OBJECTIVES: To evaluate the difference in isokinetic strength of hip muscles between patients with knee osteoarthritis (OA) and matched healthy controls, and to establish the correlation between this isokinetic strength and pain and function in patients with knee OA.
INTRODUCTION
Osteoarthritis (OA) is one of the most common joint diseases and the knee is the most frequently affected weight-bearing joint. [1] [2] [3] [4] [5] [6] [7] [8] OA of the knee can cause functional disabilities-reduced lower limb muscle strength is marked in people with symptomatic knee OA-and several studies have suggested that knee extensor and knee flexor strength are both lost with established symptomatic disease. 9 ,10 A variety of exercise programs for the treatment of knee OA have been described in the literature, which focus on improving the quadriceps strength. 11, 12 However, little attention has been paid to other lower limb muscle groups such as the hip muscles. 13 Recent evidence suggests that the strength of hip abductor and adductor muscles may be important for reducing knee adduction moment, which is normally increased in patients with knee OA and which is related to symptom severity and disease progression. 14 Yamada et al. 15 found that patients with knee OA had stronger hip adductors than aged-matched controls, and those with severe OA had even stronger adductors. However, measurement in that study was carried out isometrically.
The isokinetic test can provide data about maximal strength throughout the range of motion (ROM) as the muscle contracts, allowing the quantification of parameters such as strength, work and resistance. [16] [17] [18] [19] [20] [21] No study reporting the isokinetic strength of the hip muscle in patients with knee OA was found in the literature Our study aimed first, to evaluate the difference in isokinetic assessment of hip muscles between patients with knee OA and matched healthy controls, and second, to evaluate the correlation between the isokinetic strength of hip muscles and pain and function in patients with knee OA.
MATERIALS AND METHODS
This study was approved by the ethics committee of the Federal University of Sao Paulo. Patients who fulfilled the inclusion criteria and agreed to participate signed an informed consent form and were included in the study. One hundred subjects were studied: 50 patients with a diagnosis of OA of the knee (25 with unilateral knee OA and 25 with bilateral knee OA) and 50 controls. The patients were recruited from the OA clinics and the controls from the university community. Diagnosis of knee OA was made by a rheumatologist. Inclusion criteria for the patients were diagnosis of knee OA using the clinical and radiographic criteria of the American College of Rheumatology; 22 visual analog scale (VAS) for knee pain ranging from 2 to 8 cm on a 10 cm scale; and an algofunctional index (Lequesne) ranging from 5 to 12. The control group was matched by age, gender and body mass index (BMI).
Subjects aged ,18 and .65 years; patients with any type of other lower limb disease; knee and/or hip prosthesis; joint instabilities and having undergone lower limb surgery; patients with a heart condition; patients with uncontrolled hypertension; patients with coagulopathy undergoing anticoagulant therapy; pregnant women; patients with fibromyalgia; and individuals unable to perform the test were excluded from both groups.
Before the isokinetic muscle test, all subjects were evaluated by an assessor blinded to group allocation using: N An assessment chart containing data on personal characteristics; measurement of weight and height to calculate the BMI; radiologic evaluation of the knees according to the criteria of Kellgren and Lawrence (1957) 23 for OA of the knee; knee deformity (radiographic analysis-the knee was defined as varus when alignment was more than 0˚in the varus direction, valgus when it was more than 0˚in the valgus direction, and neutral when alignment was 0˚); goniometry of the hip and knees; and lower limb dominance (preference for kicking);
N VAS for knee pain in the previous week using a 10 cm scale, where 0 means no pain and 10 means worse pain; 24 N The Lequesne Index for OA of the knee, which evaluates pain/discomfort, maximum distance walked and activities of daily living. Scores range from 0 to 24, with higher scores indicating greater disease severity; 25 N The Western Ontario and McMaster Universities OA Index (WOMAC), which consists of three subscales: pain, stiffness and physical function. Scores range from 0 to 96, with higher scores indicating greater disease severity. 26 Computerized isokinetic assessments of hip muscles were performed by another blinded assessor on a Cybex isokinetic dynamometer (Norm model, Cybex International, Inc, Ronkonkoma, NY, USA). Before the isokinetic test, all subjects warmed up on a stationary bicycle (Metabolic System Bike, Cybex -Division of Lumex) at a mean speed of 60 rpm for 5 min. All individuals were told how to carry out the test correctly and repeated each movement three times at the velocities to be tested in order to become familiar with the apparatus.
The recommendations for the position and angular velocities suggested by the manufacturer of the apparatus (Cybex International, Inc, 1997) 27 were followed for all movements tested owing to controversies in the literature about angular velocities. The isokinetic test protocol followed the recommendations of Perrin (1993) . 20 Figure 1 shows the positions used with Cybex for the evaluations. The movements used during the test were flexion-extension at 30, 60 and 180˚/s, abduction-adduction at 30, 120 and 240˚/s and medial-lateral rotation at 30 and 60˚/s. Slower velocities were used to evaluate strength, middle velocities to evaluate power, and the faster velocities to evaluate resistance. 20 The sequence of movements was randomized to prevent the influence of fatigue on performance. The apparatus was calibrated before the test, compensation was made for the action of gravity during flexion-extension and abductionadduction movements and a correction for weight was made for each subject in all evaluations.
All individuals were told how to carry out the test correctly and repeated each movement three times at the velocities to be tested in order to become familiar with the apparatus. During these three repetitions the ROM was adjusted individually for each patient. Then the movements were repeated five times at each velocity and the mean of these five attempts was used as the final score. There was always a 30 s resting period between each attempt and between each change in angular velocity. Additionally, subjects received verbal encouragement so that they would apply the maximal force possible
The data were analyzed using the SPSS version 10.0. The following tests were used: Mann-Whitney test, Pearson's x 2 test and t test to compare the groups' homogeneity; the two-way analysis of variance test with a Bonferroni correction to compare the OA groups and the control group for peak torque; and Pearson's and Spearman's correlation coefficient to find the correlation of the peak torque with VAS for pain, Lequesne and WOMAC scores. The level of significance was set at 0.05 or 5% for all tests.
RESULTS
The control group and the group of patients with knee OA were matched for gender, age, BMI, knee deformity and lower limb dominance (Table 1) . Of the 50 patients with OA, 25 (50%) had unilateral knee OA (11 (22%) had OA in the right (R) knee and 14 (28%) had OA in the left (L) knee) and 25 (50%) had bilateral knee OA. Median duration of the disease was 8 years among the patients with OA of the knee (7.5 in the unilateral OA group and 10 years in the bilateral OA group). Both groups were assessed for goniometry of the knees and hips and statistically significant differences were found for knee and hip flexion (Table 1) . Table 2 shows the scores of the patients on the VAS for pain, the Lequesne index for the knee and hip and the WOMAC index.
To facilitate the understanding the results were divided into two groups the group with unilateral OA and the group with bilateral OA.
Isokinetic Dynamometry -Peak Torque (PT)
Unilateral OA Group. We found a significantly lower peak torque (p,0.001) for the contralateral hip in comparison with the control group for the flexion, extension, abduction, adduction, medial rotation and lateral rotation at all velocities. Peak torque values for the ipsilateral hip were significantly lower in the OA group than for the control group for flexion, extension, medial rotation and lateral rotation at all velocities and for abduction at 120˚/s and adduction at 30˚/s (p,0.001) ( Table 3) .
Bilateral OA Group. We found a significantly lower peak torque (p,0.001) for both hips in the bilateral OA group than for the control group for the flexion, extension, medial rotation and lateral rotation at all velocities. Peak torque values for both the R and L hip were significantly lower in the OA group than for the control group for hip abduction at 30˚/s and 120˚/s (p,0.001) and hip adduction at 30˚/s and 120˚/s (p,0.001) ( Table 3) .
Correlations
Unilateral OA group. Correlating peak torque of the hip with VAS for pain, we found a strong correlation in the ipsilateral hip for extension at 180˚/s, adduction at 240˚/s, and medial rotation at 30˚/s. In the correlation between peak torque and the Lequesne score, we found strong correlations in the contralateral hip for extension at 30˚/s, 60˚/s, and 180˚/s and medial rotation at 60˚/s. In the correlation between peak torque and WOMAC score, we found a strong correlation in the contralateral hip for extension at 30˚/s, 60˚/s, and 180˚/s and in the ipsilateral hip for abduction at 30˚/s and 120˚/s and adduction at 120˚/ s (Table 4 ). There was no correlation between Kellgren and Lawrence degree and peak torque.
Bilateral OA Group. Correlating the peak torque and VAS for pain, we observed a high correlation for the right hip in lateral rotation at 30˚/s. We also found a strong correlation between peak torque and Lequesne score, in the right hip for extension at 30˚/s and 60˚/s, adduction at 30˚/s, medial rotation at 30˚/s and lateral rotation 30˚/s, and in the left hip for extension at 30˚/s, medial rotation at 30˚/s and 60˚/s and lateral rotation at 60˚/s. There was a strong correlation between peak torque and the WOMAC score in the right and the left hip for adduction at 240˚/s (Table 4) . There was no correlation between Kellgren and Lawrence degree and peak torque.
DISCUSSION
As far as we know, this is the first study to evaluate the isokinetic hip strength in patients with knee OA. We show that these patients have lower peak torque in hip muscles for all movements in comparison with matched controls. The patients with unilateral or bilateral knee OA had similar results, indicating that hip muscles on both sides are weak in patients with knee OA whether the disease is unilateral or bilateral. A possible explanation for this finding is that owing to the joint pain, patients with OA have changes in muscle function and biomechanics.
Our results appeared to show that patients with bilateral OA had weaker muscles than patients with unilateral OA, but this cannot be confirmed as this comparison was not the aim of our study.
In this study, the groups were matched for gender and age and there was a predominance of women, which is similar to the findings reported in other studies on the prevalence of the disease. 4, 5, 7, 17, 18, 21, 28, 29 The lack of correlation between Kellgren and Lawrence degree and isokinetic strength was unexpected and suggests that the radiological findings are not related to strength, power or resistance as evaluated by Cybex.
No significant difference was seen between the two groups in the type of knee deformity (varus and valgus), and there was a predominance of varism, which is in agreement with the literature. Some authors have demonstrated that in patients with medial compartmental OA of the knee, the hip adductor muscles may become strengthened to decrease varus deformity of the limb 15 ; this was not found in our patients and controls despite their varism predominance.
Afzali et al. 30 found no relationship between quadriceps strength and the dominant leg for individuals with knee diseases. Toyonaga et al. 31 observed no difference in peak torque between the dominant and non-dominant leg in healthy men or women. For the hip rotator musculature, studies have found no differences in muscle strength that could be related to lower limb dominance. In our study, most patients in the control group and half of the patients with knee OA exhibited dominance of the right lower limb. Goniometry of the knee revealed limited ROM of the affected knee for both flexion and extension in all patients with OA in comparison with the control group. For hip ROM, a significant difference was also seen between patients with unilateral or bilateral OA and the control group. Goniometry of the hip obtained for these patients revealed limited ROM for almost all movements assessed, thereby demonstrating loss of hip ROM in patients with OA of the knee. Despite the biarticular musculature of both joints, no reports correlating limited knee ROM with hip ROM are available in the literature. In the present study, limited ROM was also observed for the contralateral hip.
There is a lack of studies investigating the relationship between knee diseases and their effect on the hip muscles. Similar studies correlating other muscles of the lower limbs have been described. Lane and Buckwalter 5 correlated the gastrocnemius and anterior tibial muscles with peak torque of the ankle and knee and demonstrated that peak torque of the knee flexors and ankle extensors is altered by the action of the gastrocnemius and anterior tibial muscles. McCarthy et al. 32 submitted healthy women over 60 years of age to hip, knee and ankle isokinetic exercises and demonstrated a correlation between the peak torque of the hip flexors and extensors, knee flexors and extensors, and ankle plantar and dorsal flexors at 60˚/s. In our study, significant differences in the peak torque of the flexor/extensor, abductor/adductor, and medial/lateral hip rotator muscles were observed between patients with unilateral or bilateral OA of the knee and controls.
In contrast to the results of isokinetic tests on the knee and ankle reported in the literature, few studies have documented Data are reported as correlation coefficient (r); PT Flex = flexion peak torque; PT Ext = extension peak torque; PT Abd = abduction peak torque; PT Add = adduction peak torque; PT Rm = Medial rotation peak torque; PT Rl = lateral rotation peak torque; VAS = visual analog scale for pain; * significant correlation (p,0.05).
alterations in the peak torque of hip muscles, especially for abductors and adductors in patients with hip OA. Arokoski et al. (2002) 33 analyzed hip muscle strength in patients with OA of the hip and observed a strong correlation between peak torque and hip pain, as rated on a VAS, probably owing to the joint involvement of the disease and hip muscle weakness in patients with OA. Comparisons of peak torque of the hip between individuals with and without OA of the hip revealed a lower peak torque for hip flexion and extension movements at velocities of 60 and 120˚/s for patients with knee OA in comparison with controls. The flexor muscles were weaker and no significant difference between groups was observed during extension, demonstrating that the affected side was weaker than the non-affected side and that men with OA of the hip have lower flexion strength than controls. Peak torque values obtained for hip abduction and adduction movements were also lower than in controls, indicating lower hip abductor and adductor muscle strength in patients with OA of the hip. No studies analyzing isokinetic dynamometry values of the hip in patients with OA of the knee are available in the literature. We found only reports of isokinetic assessments of the hip in healthy individuals and patients with OA of the hip. 31, 32, [34] [35] [36] Callaghan et al. (2000) 37 evaluated hip muscle strength in healthy individuals and demonstrated that the extensor muscles are the strongest muscle group, followed by the flexor, adductor and abductor muscles and, finally, the rotator muscles. Moreover, the medial rotator muscles were stronger than the lateral rotator muscles. Likewise, comparisons of muscle strength between younger and older individuals revealed 60% higher peak torque values in the former group. In our study in the control group the extensor muscles are the strongest muscle group, findings that are similar to those of Callaghan et al. 37 However, in the OA groups the flexor muscles are the strongest muscle group and this must be taken into consideration when rehabilitating these patients.
Burnfield et al. 38 determined the influence of isokinetic peak torque values of the hip and knee flexor and extensor muscles and the ankle plantar and dorsal flexor muscles at a velocity of 60˚/s. Peak torque was higher for the hip extensors and knee flexors, while the lowest values were observed for the plantar and dorsal flexors of the ankle.
Pohtilla et al. 39 found that individuals with weak hip extensor muscles assume a characteristic position of the pelvis in relation to the femur when in an erect position, which may result in postural alterations leading to changes in the lower limb musculature. This suggests that most of our patients with limited ROM in the knee and/or hip could exhibit postural alterations such as knee flexure, altering the ROM of the hip owing to the biarticular musculatures of the two joints. These postural alterations need to be assessed individually during the treatment of these patients, and, when necessary, work on posture could be added to the rehabilitation protocol.
Our results show that patients with knee OA have weaker hip muscles bilaterally than healthy controls. So exercise for strengthening the hip muscles should be included in the rehabilitation program for patients with knee OA. Strengthening the muscles surrounding the hip joint would appear to have the potential to help decrease pain in people with knee OA.
The correlations found between the peak torque and function (Lequesne and WOMAC) were stronger than the correlation with pain. This might suggest that exercise to strengthen hip muscles would improve this function. Future studies are necessary to answer this question.
One limitation of our study was the small sample. Another limitation was that our sample had median impairment in function measured by the Lequesne index so we our results cannot be extrapolated for patients with better or worse functional level.
CONCLUSIONS
N Patients with OA of the knee exhibit lower isokinetic strength, power and resistance in the hip muscles than control subjects without OA of the knee. 
